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INTRODUCTION 

0 Astro-Space Laborator ies  h a s  developed, under NASA contra .c t  
NAS8-11910, a device for  pressur iz ing  tanks with a mixture of 
Freon-22 and a i r  f o r  leak de tec t ion  purposes. 

The  Freon I n j e c t i o n  System i s  designed t o  f i l l  tanks w i t h  

cc/min t o  be r e l i a b l y  detected w i t h  commercial halocarbon 
a mixture containing 1% Freon -22. This w i l l  a l low l eaks  of 

leak de tec to r s .  

The system i s  designed to  p res su r i ze  tanks of up t o  50,000 
cub ic  feet ,  and t o  opera te  a t  p ressures  up t o  2400 ps ig .  

The system f i l l s  the tank t o  be tested w i t h  an automatical ly  
regula ted  cons tan t  percentage mixture of Freon-22 and a i r .  

Since t h e  Freon-22 and a i r  are mixed a s  the tank i s  f i l l e d ,  
a uniform mixture i s  achieved throughout the tank volume. These 
c h a r a c t e r i s t i c s  make it poss ib le  t o  make cons i s t an t  ant! repea tab le  
l e a k  de tec t ion  tes ts .  

0 

PRINCIPLE OF OPERATION 

The opera t ion  of t h e  system may be understood from the 
func t iona l  block diagram. (See  Figure 1.) 

A i r  from the h igh  pressure supply flows through the  mixer 
assembly and ou t  t o  t h e  tank under tes t .  Liquid Freon-22 e n t e r s  
t h e  liquid Freon piii-iip i,-hich incre;;szs its pressure to approxlmatelv -J. 

2400 ps ig .  This pump i s  an a i r -ac tua ted  hydraul ic  boos te r  type 
pump. The h igh  pressure  Freon-22 is  metered i n t o  the mixer by 
an electropneumatical ly  operated proport ional  valve.  I n  t h e  mixer, 
the l i q z i d  Free=-22 i s  sprayed i n t o  the a i r  stream where it evapo- 
rates and mixes w i t h  the f i l l i n g  a i r .  

0 

Downstream from the mixer a small  por t ion  of the a i r  - Freon-22 
mixture  i s  bled off and analyzed by means of an i n f r a r e d  de tec t ion  
system. The output  of t h e  gas analyzer i s  used t o  con t ro l  t h e  
l i q u i d  Freon con t ro l  va lve  t o  maintain the des i r ed  mixture r a t i o .  
This c o n t r o l  i s  accomplished by an electromechanical i n t e g r a t o r  
and s t a b i l i z a t i o n  network. 

The  tank t o  be t e s t e d  i s  f i l l e d  with a cons tan t  r a t i o  mixture.  
The r a t i o  i s  determined 5y t h e  f i n a l  des i r ed  mixture (1% Freon) and 
t h e  f i n a l  tank pressure.  
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w h e r e :  

MP 
Mf = P+14.7 

P 

Mf = f i l l  mixture 
Mp = des i r ed  mixture a t  f i n a l  p ressure  
P = f i n a l  pressure i n  ps ig  

The f i l l  mixture r a t i o  is set  by s e t t i n g  i n  the f i n a l ' f i l l  
p re s su re  des i red .  The system i s  c a l i b r a t e d  t o  produce the proper 
f i l l  mixture t o  produce a f i n a l  tank mixture of 1% Freon-22. 
This i s  the only s e t t i n g  required f o r  system operat ion.  

- LEAK PAEtAMETER STUDY 

I n  order t o  determine t h e  system parameters, c e r t a i n  0 d e f i n i t i o n s  were made: 

a. S e n s i t i v i t y  of leak de tec t ion  equipment. 

b. Minimum leak t h a t  i s  t o  be de tec t ab le .  

The indus t ry  s tandard fo r  halogen leak detectors has  been 
developed by General E l e c t r i c  Co.  The G.E. Type H-2 gun probe 
and assoc ia ted  con t ro l  u n i t  i s  present ly  being used i n  the NASA 
Q u a l i t y  Lab an6 throughout industry.  The u n i t  i s  very s e n s i t i v e ,  
rugged and e a s i l y  portable .  The G.E.  de t ec to r  appears t o  be 
reliable f o r  de t ec t ing  a leak corresponding t o  cc/inin. of 
pure Freori-22 or Freon-12 halocarboii gas.  

The minimum permissable leak  had t o  be' determined. 
i nd ica t ed  t h a t  the minimum de tec t ab le  leak a t  tes t  pressure 
u t i l i z i n g  the soan ~ ~ 7 a f - 0 1 -  l i r p i d  leak detection equipment was 
equiva len t  t o  1 . 2 8  x cc/min while  t h e  sma l l e s t  leak recommended 
f o r  tanks  containing l i q u i d s  was equivalent  t o  cc/min. dry  
a i r ,  a t  the opera t ing  ressure. Therefore, t h e  minimum system leak  
w a s  selected t o  be lomg cc/min. a t  t 3 a t  pressure.  W i t h  a 1% mixture 
of Freon i n  the tank, a cc/min leak  would be equivalent  t o  a 
lo-' cc/min leak of pure Freon t o  the de tec to r .  

S tudies  0 
r * - - - - -  

The use of th i s  r e l a t i v e l y  low percentage of Freon i s  not  
only j u s t i f i e d  by t h e  s e n s i t i v i t y  of the de tec t ion  system and 
l e a k  requirement as shown above, b u t  a l so  f r o m  the economy of 
system design and the avoidance of a i r  contamination. Addit ional ly  
the cool ing effects  of evaporating Freon makes it very d i f f i c u l t  a 
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. 
t o  f i l l  l a r g e  conta iners  with r a t i o  mixtures of over a few 
pe rcen t .  
t h e  p o s s i b i l i t y  of exceeding the vapor pressure  of the t r a c e r ,  
causing condensation of t h e  t r a c e r  a t  high tes t  pressures .  

Using a low percentage of Freon tracers a l s o  e l imina tes  0 

FINAL TEST AND DESIGN CHANGES 

During t h e  f i n a l  t e s t  a t  NASA Quali ty  Laboratory seve ra l  
changes w e r e  made i n  the system. These changes were a s  follows: 

a- The freon sample l i n e  w a s  found t o  be too  long and too  
l a r g e .  The l i n e  and con t ro l s  were re loca ted-and  made smaller .  

b. It was determined t h a t  it was necessary t o  s t a r t  the 
Freon pump and p res su r i ze  t h e  Freon I n j e c t o r  system i t s e l f  
b e f o r e  using it t o  pressur ize  another system, A switch was 
added t o  perform th i s  function. 

c. It was found d e s i r a b l e  t o  have a s w i t c h  t o  remove 
t h e  system from t h e  opera te  mode without s h u t t i n g  down t h e  
complete system. This switch was added t o  t h e  system. 

All of these  changes w e r e  incorporated i n  the f i n a l  
drawings which w e r e  de l ivered  t o  NASA i n  December 1966. 
These drawings have been checked by NASA and approved. 

All documentation and equipment has  been de l ivered  t o  
NASA Q u a l i t y  Labora tor ies -  
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